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Background: Legionellaceae contains Legionella genus with over 52 species and 64 serogroups. It is one of the most important causes of respiratory disease in human. More than 30% of hospital-acquired pneumonia is caused by Legionella. Ventilator-associated pneumonia (VAP) is an infection acquired in hospital wards, particularly in intensive care unit (ICU). This disease approximately affects 9% to 20% of intubated patients. Mortality in these patients varies between 8% and 76%. Legionella is one of the important factors for infection in intubated patients.
Objectives: The present study was aimed to investigate the use of molecular methods in diagnosis of infection caused by Legionella 
pneumophila.
Materials and Methods: In this study, 109 samples of lung secretions collected from intubated patients admitted to ICU wards of four university hospitals in a three-month period were examined. Cultivation and Real time Polymerase Chain Reaction (PCR) methods were used to assess L. pneumophila colonization in these samples.
Results: Eleven samples had positive results using real time PCR analysis of 16s rRNA gene fragments specific for L. pneumophila, but according to culture method on specific buffered charcoal-yeast extract medium (BCYE), no positive cases were detected. Of the total positive cases, six were males, one female and four infants. The seven adults aged 40-65 years.
Conclusions: Using molecular methods in diagnosis of infection caused by L. pneumophila has a great value because of its high specificity and rapid diagnosis potency.
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1. Background
Legionellaceae family contains only one genus Legionel-
la and over 52 species and 64 serogroups, which is one of the most important causes of respiratory disease in hu-mans. The bacteria are abundant in man-made aquatic environments and water resources (1). The most impor-tant species of this genus is Legionellaceae pneumophila, which has 15 serogroups. L. pneumophila is operating more than 90% of the legionary, which is an acute re-spiratory disease. Serogroups 1 and 6 are the causes of two thirds of cases of Legionella infection (2-4). Mortality rate in elderly and immunocompromised patients with 
L. pneumonia may be more than 30% (3, 4).Various reports suggest that 1-5% of community-ac-quired pneumonia as well as over 30% of hospital-ac-quired pneumonia infections are caused by Legionella (5). Children younger than two years or elderly adults and patients with immunodeficiency are at highest risk of infection. The infection is not contagious and only a breath of aerosols contaminated with this bacterium may cause infection and clean air is an important pa-rameter in the prevention of respiratory infection with this bacterium. Considering clinical signs and symp-
toms of disease, L. pneumonia cannot be differentiated from other pneumonia (6). Timely diagnosis and treat-ment of infection disease is effective in reducing the mortality rate. Epidemiological findings indicate that this bacterium is transmitted through aerosols released of infected water sources and involves the respiratory system. Hospital environment as a growth area and people at risk of aerosol transmission are potential pre-disposing factors for growth and spread of these bacte-ria. Legionella are widely dispersed in natural and man-made water sources (7). Legionnaire's outbreak depends on the contamination of water sources and sensitivity of individuals (2).Cultivation methods, serological tests, detection of specific antigen in urine and molecular detection meth-ods can be used to identification and detection of Le-gionnaires’ disease. Although culture method like other bacteria is the gold standard for detection of these bac-teria, the use of this method is limited for the diagnosis of infection in patients, because the bacterium needs at least seven days to appear colonies (2, 8). Serological tests for diagnosis of Legionella infections are a valuable 
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epidemiological tool, but not useful for rapid detection of acute cases of Legionnaires’ disease (9). Direct Fluo-rescent Antibody assays (DFA) on respiratory samples of patients or urinary antigens is a rapid diagnostic method, but using this method is limited due to cross reactions with other bacteria (6). The use of molecular methods in diagnosis of Legionnaires’ disease has very high diagnostic sensitivity, specificity and speed (10). The genes encoding 5s and 16s rRNA and macrophage infectivity potentiator (mip) gene are often very impor-tant for the detection of L. pneumonia, Therefore, the tar-get sequences of these genes are useful to determine the genus Legionella and the species of L. pneumophila (10, 11). Diagnosis of Legionnaires’ disease and choosing the correct treatment can be very effective in the treatment and prevention of mortality in patients. Due to high specificity and characteristics of molecular detection methods, in this study, in addition to culture methods, the new technique was used for detection of L. pneu-
mophila -positive cases.
2. ObjectivesThe aim of this study was to investigate the use of mo-lecular methods in diagnosis of infection caused by L. 
pneumophila.
3. Materials and MethodsIn this study, 109 samples of lung secretions were col-lected from intubated patients admitted to ICU (Inten-sive Care Unit) and NICU (Neonatal Intensive Care Unit) wards of four hospitals affiliated to the University of Qa-zvin (Bu Ali, Quds, Kosar and Shahid Rajaie hospitals) in a three-month period. The secretions were divided into two parts. One part used for cultivation and the other for molecular testing. The samples of molecular testing kept in freezer at -20ºC until testing.
3.1. Culture on Buffered Charcoal-yeast Extract 
(BCYE) AgarThe samples were placed in washing buffer acid (HCL / KCL, PH 2.2) at 56°C to remove the annoying factor (10). Then, samples were inoculated on specific BCYE medi-um (OXOID; UK). The plates incubated for a week at 37°C with humidity maintained and with 5% CO2. Colonies appeared after the third day. We prepared a microscopic slide using Gram-staining method. We cultured suspect colony on the routine laboratory media. Nevertheless, 
Legionella did not grow on it. Then, we performed bio-chemical tests such as catalase, oxidase, B lactamase, hy-porate and other standard bacteria biochemistry tests for the identification of Legionella (1). L. pneumophila ATCC33152 was used as a control standard.
3.2. Internal DNA Extraction ControlExtraction was performed according to kit instruc-
tions (Primerdesign, UK) according to the manufac-turer’s instructions. All samples after the addition of lyses’ buffer were heated at 95°C for 30 minutes and the presence of extracted DNA in samples was measured by amplification of Actin Beta (ACTB) gene using supplied primer and probe (Primerdesign, UK). For this purpose, we used the following values; 10 µL of RT-PCR (Reverse transcription polymerase chain reaction) Master mix, 1 µL of the ACTB primer/probe solution, 4 µL of distilled water free of RNAse/DNAse and 5 µL of the sample. Real time PCR amplification reaction was performed in Ap-plied Bio system 7500 with the following schedule; 95°C for 10 minutes; 40 cycles at 95°C for 15 seconds and 60°C for one minute. A poor ACTB signal may indicate that the sample did not contain sufficient biological material.
3.3. Real Time PCRTaqMan Real time PCR experiments were performed ac-cording to the manufacturer’s instructions (Advanced kit L. Pneumophila Primer design, UK), which would identify the 16s ribosomal gene in L. pneumonia species. The following amounts were added to each reaction; 10 µL of RT-PCR Master mix, 1 µL of the primer/probe, 4 µL of distilled water free of RNAse/DNAse and 5 µL of the sam-ples from patients. After 10 minutes of denaturation at 95°C, Polymerase chain reaction was run for 40 cycles at 95°C for 15 seconds and 60°C for 60 seconds in Applied Bio system 7500.
4. ResultsIn total, 109 samples of lung secretions were collected from patients admitted to Qazvin University of Medical Sciences’s Hospitals (55 samples from Shahid Rajai Hos-pital, 19 samples from Bu Ali Hospital, 19 samples from Kosar hospital and 16 samples from Quds hospital). From these collected samples, six samples had negative results for ACTB assay and were excluded from the study. Ampli-fication curve of the standard sample with different con-centrations were provided (Figure 1). Using different con-centrations of control, with decreasing diluents, sample A was shown in higher cycle (CT of A, B and C were respec-tively 15, 22, 25). From the remaining 103 samples, 11 sam-ples (11.99%) had positive results for L. pneumonia by real time PCR method (Figure 2), while no positive samples were detected using the culture method on BCYE medi-um. All cases were the positive L. pneumophila isolated, six cases (10.9%) from Shahid Rajai Hospital, four cases (25%) from Quds hospital and one case (5.3%) from Bu-Ali Hos-pital and no positive cases were found among samples taken from Kosar Hospital. Of the total positive cases, six were males and one female; while we had four positive results among our infants samples. Seven positive results belonged to patients aged 40-65 years. According to our results, 7 of 11 positive samples had been more than one-week in hospital and had positive results in the second sampling (Table 1).
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Figure 1. Amplification Curve of Standard Samples With Concentrations of A, 5 × 104 , B, 5 × 102, C, 5 × 101 copy per micro litter
Figure 2. Amplification Curve
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Table 1.  Total Sampling and Positive Results by Real Time PCR
Hospitals Buali Rajai Qods Kosar Total
Samples 19 55 16 19 109
Culture on BCYE 0 0 0 0 0
Real time PCR 1 6 4 0 11
Percent 5.3 10.9 25 0 11.99
5. DiscussionHospital acquired pneumonia (HAD) is pneumonia that develops 48 hours or longer after admission to hospital. HAP is the second most common nosocomial infection. Ventilator-associated pneumonia (VAP) is an infection ac-quired in hospital wards, particularly in ICU. Ventilator-associated pneumonia (VAP) is pneumonia that develops 48 hours or longer after mechanical ventilation is given by means of an endotracheal tube or tracheostomy. Ven-tilator-associated pneumonia (VAP) results from the inva-sion of lower respiratory tract and lung parenchyma by microorganisms. This disease affects approximately 9% to 20% of intubated patients. Mortality rate in these patients varies between 8% and 76% (12, 13). VAP is caused by differ-ent factors and in most cases, causing agents are bacteria not readily cultivated on conventional media, and if not quickly diagnosed and appropriate treatment, the mor-tality rate increases in patients.Studies showed that Legionella can cause one third of hospital pneumonia and the mortality rate of infection is approximately 5% to 30% and is more in elderly and im-
munocompromised patients (14). Most Legionnaires’ cas-es, approximately 90%, is caused by L. pneumophila (15). Therefore, extensive research is performed on identify-ing and controlling the genus Legionella. This infection is caused due to contact with a water contaminant source. Legionnaires' disease often occurs in sporadic outbreaks and sporadic form of disease is between 65-82% (16). Le-gionnaires disease has increased in recent decades. One reason may be development of water systems such as air conditions, cooling towers, ponds, water storage resourc-es in hospitals, artificial ponds and steam generation systems, which have a role in maintenance and transmis-sion of Legionella. Early diagnosis of infection plays an important role in the treatment and prevention of mor-tality in patients (4).Although the culture method is the gold standard technique, studies showed that the sensitivity of culture methods in samples from patients has been less than 50-60% (2). Many studies showed that the use of molecular methods in diagnosis of infection caused by L. pneumoph-
ila has a great value because of its high specificity and rapid diagnosis of disease (17). Previous studies suggested that the culture method is not efficient for detecting bac-teria in environmental samples and in clinical samples. In a study performed on water samples collected from a hotel, 42% of the samples had positive results using cul-ture, while it was 74% by real time PCR techniques (18). In another study conducted on water resources, of 120 samples, 31 samples (26%) had positive results by culture method, while 57 samples (47.5%) had positive findings in real time PCR method (19). In a similar study performed in Japan, of 208 respiratory samples of patients with community acquired pneumonia (CAP) using multiplex Real time PCR method, eight samples (6.16%) had positive results for L. pneumophila, but using the culture method, only one patient was detected (20). In another study per-formed on 60 samples taken from respiratory secretions in intubated patients admitted to ICU, three cases were detected by PCR (9).Results of this research also confirmed that the culture method for detection of Legionella infection has a low ef-ficiency and this infection can be better investigated us-ing molecular diagnostic methods. The reason for this difference in culture results and molecular diagnostic methods could be due to the fact that molecular diag-nostic methods can recognize all cells whether alive or dead, but in the culture method, only viable cells can be detected. Furthermore, bacteria concentration in the culture method is effective in its isolation; however, mo-lecular methods can detect the presence of even one bac-terium. Considering that late diagnosis of infection can increase the mortality rate, rapid detection of bacteria can be very helpful in the process of more efficient treat-ment (2). Results obtained in this study showed that most positive cases belonged to the Quds hospital with 25% (4 of 16 samples). Considering that two cases of patients were diagnosed in one day and two other cases isolated 
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in a small period, it can be concluded that infection is likely to originate from an infected water source. We rec-ommend ICU and NICU departments in medical centers, especially hospitals, to consider infection control and prevention more seriously.
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